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Description 


FIELD OF THE INVENTION 


[0001] The present invention relates to an underwater 
propelling device for an underwater vehicle. More partic- 
ularly, it concerns a propelling device with a light and 
simple structure that can be easily manufactured. 
[0002] The present invention relates also to an under- 
water vehicle equipped with such an underwater propel- 
ling device. 


BACKGROUND OF THE INVENTION 


[0003] Unmanned underwater vehicles are known for 
along time. In particular, a toy submarine boat has been 
disclosed in the document US 741 581. More recently, 
such vehicles have been used as drones for carrying out 
a variety of tasks in the underwater environment, e.g. 
pipeline surveys and investigations or military tasks. An 
example of such an application has been disclosed in 
the document WO 2014/113121. 

[0004] Unmanned underwater vehicles often have 
small or miniature dimensions so as to permit their easy 
handling and their storage inside limited space. However, 
such miniature dimensions can increase the vulnerability 
ofthe underwater vehicles to debris intrusion or to fishing 
lines becoming tangled in the propeller of said vehicles, 
which could significantly reduce their performance and, 
in the worst case, lead to their deterioration and loss of 
the vehicle. Additionally, it can be challenging to ensure 
that the moving parts of a propulsion system are water- 
and pressure proof with high reliability. Dynamic seals 
around motor shafts can wear out quickly, particularly 
when exposed to suspended sand particles or other par- 
ticulates in the water. Exposed metal parts are also af- 
fected by corrosion when exposed to water, especially 
in salt water. A failed seal generally results in rapid water 
ingress which will damage internal components, and de- 
crease vehicle buoyancy, which may lead to a complete 
loss of the entire vehicle. 

[0005] Different solutions to these problems have been 
proposed in the past See for example document US 
5484266 A. 

[0006] One solution to render the electric motor of the 
propelling device of said vehicles water- and pressure- 
proof is to use O-rings and dynamic seals which may 
wear quickly. Filling the motor with oil to resist external 
pressure decreases stress on the seal and mitigates the 
risk of water ingress, but it increases friction within the 
narrow magnetic gap of the motor, may release oil into 
the environment and requires regular maintenance to re- 
place lost oil. Alternatively, a magnetic coupler between 
the motor and the propeller can be used which adds bulk 
and complexity and limits torque. 

[0007] A first aim of the present invention is therefore 
to provide an underwater propelling device for miniature 
underwater vehicles, wherein the above mentioned 
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drawbacks are avoided. 

[0008] A second aim of the present invention is to pro- 
vide an underwater propelling device having a compact 
and low profile structure so as to reduce drag caused by 
the bulk of the motor, thus improving the underwater ve- 
hicle's performance, particularly when the propelling de- 
vice is used as an attitude control thruster and mounted 
perpendicularly to the main direction of travel of the un- 
derwater vehicle. 

[0009] A third aim of the present invention is to provide 
an underwater propelling device that can be easily man- 
ufactured. 


SUMMARY OF THE INVENTION 


[0010] In this view, the present invention relates to an 
underwater propelling device comprising: 


- astator comprising circumferential arrayed coils and 
being adapted to generate a controlled electromag- 
netic field along an axial direction, 

- ashaftless propellant rotor comprising: 


- at least two magnetized ring-shaped plates co- 
axially spaced-apart along said axial direction 
and perpendicular thereto such that said circum- 
ferential arrayed coils are positioned therebe- 
tween, each plate defining a central aperture 
and having a circumferential array of radially ex- 
tended magnetized poles embedded therein, 
said magnetized poles generating a magnetic 
field which interacts with the electromagnetic 
field of the stator so as to cause the rotation of 
said plates about a central axis parallel to said 
axial direction, 


- atleast one ring-shaped propeller defined by its 
outer periphery and its inner periphery, said pro- 
peller being received inside the central aper- 
tures of said plates and fixedly secured thereto, 

- a plurality of propeller blades projecting inward 
from the inner periphery of said propeller, said 
blades producing a thrust along the central axis 
when the plates rotate, 


wherein the rotor is axially separated from the stator by 
a gap so as to permit the formation of a hydraulic film 
inside said gap, said hydraulic film being adapted to pro- 
vide lubrication of the rotor, thus reducing friction be- 
tween the rotor and the stator, and to transmit the axial 
thrust force of the rotor to the stator. 

Important features of the propelling device are defined 
in dependent claims 2 to 12. 

[0011] The present invention relates also to an under- 
water vehicle equipped with such an underwater propel- 
ling device as defined in dependent claims 13 to 19. 
[0012] Due to its axial flux magnet arrangement in- 
stead of the more common radial flux magnet arrange- 
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ment, the underwater propelling device of the present 
invention has the advantage that a high magnetic flux 
density can be achieved between the pair of magnetic 
plates of the rotor without needing an iron core. This al- 
lows for a wider gap between the stator and the rotor 
than in conventional radial-flux electric motors, thus re- 
ducing hydrodynamic friction between rotor and stator, 
and making the arrangementless prone to abrasion from 
debris. 

[0013] Additionally, it simplifies the mounting require- 
ments for the rotor. In conventional permanent magnet 
motors, any imbalance causes large magnetic forces be- 
tween the permanent magnets in the rotor and the stator 
that increase the imbalance. To withstand said forces, 
the rotor in other motor designs is generally mounted on 
a central shaft with bearings. However, this solution in- 
creases the risk that a debris such as fishing lines or 
water plants winds around the shaft, stalling the rotor. 
On the contrary, in the invention, due to the lack of an 
iron core in the stator, said magnetic forces do not occur 
other than the magnetic forces producing torque, elimi- 
nating the need for rigid bearings. In the invention, the 
shaftless rotor glides on a water film, said film forming a 
hydrodynamic bearing that transmits thrust to the stator 
while using the surrounding water as lubrication. Further- 
more, small debris, like sand particulates, that may be 
trapped inside the gap separating the rotor and the stator 
are easily washed out by this water film. The risk that 
particulates get stuck between rotor and stator, poten- 
tially causing damage to the motor, is greatly reduced, 
as the rotor is not rigidly mounted and can temporarily 
move axially or radially until the particulates are dis- 
lodged and flushed away. 

[0014] Finally, the propelling device of the present in- 
vention can be produced with minimal assembling over- 
head due to the limited number of its constituting parts. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0015] Other features and advantages of the present 
invention will appear more clearly from the detailed de- 
scription of one embodiment of the invention which is 
presented solely by way of a non-restricted example and 
illustrated by the attached drawings in which: 


Figure 1 is a perspective view of a submarine vessel 
equipped with several propelling devices of the 
present invention; 

Figure 2 is a perspective view of a propelling device 
according to an embodiment of the present inven- 
tion; 

Figure 3 is an exploded perspective view of the pro- 
pelling device of Figure 2; 

Figure 4 is a perspective view of the propelling device 
of Figure 2 without its stator’s casing; 

Figure 5 is a top view of the propelling device illus- 
trated in Figure 4; 

Figure 6 is a lateral sectional view of the propelling 
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device illustrated in Figure 4; 

Figure 7 is a top view of the stator’s casing of the 
propelling device of Figure 2 showing the grooves 
which enhance the hydraulic film between rotor and 
stator; 

Figure 8 is a circuit board layout view of the stator 
plate of the propelling device illustrated in Figure 4; 
Figure 9 is a lateral sectional view of a propelling 
device according to a further embodiment of the 
present invention. 


DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 


[0016] Inreference to Figure 1, there is shown a sub- 
marine vessel 100 having a body 110 that mounts five 
propelling devices 10a, 10b according to the present in- 
vention. Each propelling device is configured to provide 
a controlled thrust in either of two opposing directions, 
whereby the propelling devices can be controlled to co- 
operate to move the vessel in any desired direction. In 
particular, three propelling devices 10a are configured to 
provide a thrust along a direction perpendicular to a lon- 
gitudinal axis XX’ of the body 110 and two propelling de- 
vices 10b are configured to provide a thrust along a di- 
rection parallel to said longitudinal axis XX’. The body 
110 may advantageously have small dimensions. In par- 
ticular, its length along the longitudinal axis XX’ may pref- 
erably be less than 1.5 meter and, more preferably, less 
than 80 cm. 

[0017] As shown in Figures 2 to 5, each propelling de- 
vice 10 includes a stator assembly 20 securely fastened 
to the body 110 and ashaftless rotor assembly 30 located 
within a housing 25 defined by the stator assembly. The 
rotor assembly is configured to rotate in either of two 
opposing directions about a central axis ZZ’. More par- 
ticularly, the stator assembly 20 includes an external wa- 
ter-proof casing 21, preferably made in a plastic material, 
which encapsulates a stator plate 22. As shown in detail 
in Figures 6 and 8, said stator plate 22 is constructed of 
a multilayer printed circuit board (PCB), each PCB layer 
comprising circumferential arrayed coils 23 formed of a 
conductive material and supported by a nonconductive 
dielectric material. The coils are interconnected to create 
a circuitry adapted for single or multi-phase supply. The 
stator plate 22 can be made by any of the well known 
PCB manufacturing methods and can be in accordance, 
for example, with the PCB stator of the patent US 6 411 
002. Advantageously, the stator plate 22 includes also a 
control section 24 formed by integrated circuit chips that 
are connected to conductive patterns 26 formed in the 
layers of the stator plate by any suitable material. Such 
a control section 24 is adapted to control the current in 
the coils 23 so as to generate a multipole electromagnetic 
field rotating around the axis ZZ". 

[0018] As shown in Figures 3 and 7, the external casing 
21 has substantially the same shape as the stator plate 
22, when seen in the axial direction. The casing 21 may 
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advantageously be slightly thicker than the stator plate 
22 so as to define a housing cavity 25 for an upper ring- 
shaped plate 31 containing a set of magnets, a lower 
ring-shaped plate 32 containing a set of magnets and a 
ring-shaped propeller 33, said plates 31, 32 and said pro- 
peller 33 forming the rotor assembly 30. Accordingly, said 
housing cavity 25 comprises an upper disk-shaped sub- 
housing 25a and a lower disk-shaped sub-housing 25b, 
said sub-housing 25a, 25b having substantially a sym- 
metrical shape relative to the median plane P defined by 
the stator plate 22 and being axially separated by a cen- 
tral disk-shaped sub-housing 25c substantially aligned 
with said median plane P. As illustrated in Figure 2, the 
diameter D1 of said upper and lower sub-housings 25a, 
25b is advantageously slightly bigger than the diameter 
D2 of said upper and lower magnetized ring-shaped 
plates 31, 32 so as to define an annular gap between 
them, inside which a liquid W can circulate, thus permit- 
ting the easy rotation of the rotor assembly 30 around 
the axis ZZ’. The liquid W may advantageously be the 
surrounding liquid in which the propelling device oper- 
ates, for example, but not limited to, water. For the same 
reasons, the diameter D3 of the central sub-housing 25c 
may preferably be slightly bigger than the diameter D4 
of the propeller 33. Furthermore, during use, the upper 
plate 31, respectively the lower plate 32, may advanta- 
geously be positioned along the axis ZZ’ so as to be ax- 
ially separated from the bottom face 25a, of the upper 
sub-housing 25a, respectively the top face of the lower 
sub-housing 25b, by a gap, inside which the liquid W can 
circulate, thus creating a hydraulic film between the rotor 
30 and the stator 20 that reduces friction between rotor 
30 and stator 20 and permits the transmission of the 
thrust produced by the propeller 33 to said stator. This 
gap may preferably be less than 3 mm. As shown in detail 
in Figure 7, the bottom and lateral faces 25a,, 25a。 of 
the upper sub-housing 25a, respectively the top and lat- 
eral faces of the lower sub-housing 25b, may advanta- 
geously be provided with a series of grooves 27, 28 cir- 
cumferentially spaced-apart, said grooves being adapted 
to improve the formation of a hydraulic film by the liquid 
W between the rotor 30 and the stator 20 by creating a 
wedge-shaped volume between rotor 30 and stator 20 
around said grooves. The liquid W is forced into said 
wedge-shaped volume by the rotation of the rotor 30, 
which creates an axial force repelling the rotor from the 
stator, thus preventing direct contact between stator 20 
and rotor 30 and permitting the transmission of axial 
thrust forces from the propeller 33. 

[0019] Inafurther embodiment of the present invention 
shown in Figure 9, the bottom face 25a, of the upper 
sub-housing 25a, respectively the top face 25b, of the 
lower sub-housing 25b, of the casing 21 may advanta- 
geously be slightly angled relative to the median plane 
P defined by the central disk-shaped sub-housing of the 
casing, thus forming an inversely conical shape that is 
thinner towards the center and thicker towards the outer 
rim. Similarly, the bottom face 311 of the upper ring- 
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shaped plate 31, respectively the top face 321 of the low- 
er ring-shaped plate 32, that faces said bottom face 25a,, 
respectively said top face 25b,, may advantageously be 
parallel thereto. Thus configured, the propelling device 
10 may have animproved self-centering of the rotor with- 
in the stator housing while it is turning. 

[0020] As shown in Figure 3, each magnetized plate 
31, 32 of the rotor 30 defines a central disc-shaped ap- 
erture 31a, 32a adapted to receive the propeller 33. In 
particular, the diameter D5 of said apertures may advan- 
tageously be substantially equal to or slightly lower than 
the diameter D4 of said propeller so as to permit the fixed 
connection of said propeller to said plates by clamping. 
Advantageously, the fixed connection of the propeller by 
clamping is achieved by the naturally occurring magnetic 
attraction forces between the two magnetized plates. 
Therefore, one can easily mount or dismount the propel- 
ler to the magnetized plates without the help of a tool and 
without the need of additional connecting means. As 
shown in Figures 5 and 6, each magnetized plate 31, 32 
has a circumferential array of radially extended magnet- 
ized poles 34 embedded therein, said magnetized poles 
generating an axial magnetic field that is perpendicular 
to the radially oriented current flow of the coils 23 of the 
stator 20. Advantageously, the magnetized plates 31, 32 
also contain an annular ring 36, advantageously made 
from a ferrous material such as iron, mounted to the set 
of magnets 34 on the side facing away from the stator 
20, to contain the rear magnetic field of the magnets so 
as to increase the magnetic flux across the stator 20 and 
to reduce the magnetic field outside the motor assembly 
to reduce interference with other equipment on the un- 
derwater vehicle. Thus, when the upper and lower mag- 
netized plates 31, 32 are positioned in their respective 
sub-housings 25a, 25b, the stator plate 22 is positioned 
between said plates 31, 32 such that the coils 23 are 
positioned straight below, respectively straight above, 
said upper magnetized plate 31, respectively said lower 
magnetized plate 32, thus causing the rotation of said 
magnetized plates around the axis ZZ’ under the action 
of electromagnetic forces. 

[0021] As shown in Figure 5, the propeller 33 compris- 
es a plurality of propeller blades 35 projecting inwardly 
from the inner periphery of said propeller, said blades 
producing a thrust along the axis ZZ’ when the rotor 30 
rotates. Said blades 35 may be configured so as to define 
a cylindrical free area 36 having a diameter d, said area 
36 providing a crossing path to debris such as water 
plants or fishing lines, thus preventing that said debris 
be wound around said propeller blades. 

[0022] The above detailed description with reference 
to the drawings illustrates rather than limits the invention. 
There are numerous alternatives, which fall within the 
scope of the appended claims. 
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Claims 


An underwater propelling device (10) adapted to op- 
erate in a liquid (W) comprising: 


- a stator (20) comprising circumferential ar- 
rayed coils (35) and being adapted to generate 
a controlled electromagnetic field along an axial 
direction, 

- a shaftless propellant rotor (30) comprising: 


- at least two magnetized ring-shaped 
plates, respectively an upper magnetized 
plate (31) and a lower magnetized plate 
(32), coaxially spaced-apart along said axial 
direction and perpendicular thereto such 
that said circumferential arrayed coils (35) 
are positioned therebetween, each plate 
(31, 32) defining a central aperture (31a, 
32a) and having a circumferential array of 
radially extended magnetized poles (34) 
embedded therein, said magnetized poles 
(34) generating a magnetic field which in- 
teracts with the electromagnetic field of the 
stator (20) so as to cause the rotation of said 
plates (31, 32) about a central axis (ZZ’) par- 
allel to said axial direction, 

- at least one ring-shaped propeller (33) de- 
fined by its outer periphery and its inner pe- 
riphery, said propeller being received inside 
the central apertures (31a, 32a) of said 
plates (31, 32) and fixedly secured thereto, 
- a plurality of propeller blades (35) project- 
ing inward from the inner periphery of said 
propeller (33), said blades (35) producing a 
thrust along the central axis (ZZ’) when the 
plates (31, 32) rotate, 


wherein the rotor (30) is axially separated from the 
stator (20) by a gap, preferably less than 3 mm, inside 
which the liquid (W) can circulate, thus permitting 
the formation of a hydraulic film inside said gap, said 
hydraulic film being adapted to provide lubrication of 
the rotor, thus reducing friction between the rotor and 
the stator, and to transmit the axial thrust force of 
the rotor to the stator. 


The propelling device (10) according to claim 1, 
wherein the outer periphery of the ring-shaped pro- 
peller (33) has a diameter (D4) substantially equal 
to or slightly bigger than the diameter (D5) of the 
central aperture (31a, 32a) of each plate (31, 32) so 
as to permit the positioning of said propeller (33) in- 
side said central aperture (31a, 32a) and the fixed 
connection of said propeller (33) to the at least two 
magnetized disk-shaped plates (31, 32) by clamp- 
ing. 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


3. 


10. 


11. 


The propelling device (10) according to any one of 
the preceding claims, wherein the stator (30) com- 
prises a stator plate (22) comprising at least one 
printed circuit board provided with one or several lay- 
ers, inside which the coils (23) are realized as con- 
ductive patterns. 


The propelling device (10) according to claim 3, 
wherein the stator plate (22) comprises a control sec- 
tion (24) adapted to control the current received by 
the coils (23). 


The propelling device (10) according to claim 4, 
wherein the control section (24) is formed by inte- 
grated circuit chips connected to conductive patterns 
(26) of the stator plate (22). 


The propelling device (10) according to any one of 
claims 3 to 5, wherein the stator plate (22) is encap- 
sulated in a water-proof casing (21). 


The propelling device (10) according to claim 6, 
wherein the casing (21) defines a housing (25) for 
the rotor (30). 


The propelling device (10) according to claim 7, 
wherein the housing (25) comprises an upper disc- 
shaped sub-housing (25a) adapted to receive the 
upper magnetized plate (31) and a lower disc- 
shaped sub-housing (25b) adapted to receive the 
lower magnetized plate (32), said sub-housings 
(25a, 25b) being axially separated by a central disc- 
shaped sub-housing (25c) adapted to at least par- 
tially receive the propeller (33). 


The propelling device (10) according to claim 8, 
wherein the upper sub-housing (25a), respectively 
the lower sub-housing (25b), has a diameter (D1) 
slightly higher than the diameter (D2) of the upper 
magnetized plate (31), respectively of the lower mag- 
netized plate (32), thus defining an annular gap be- 
tween said upper, respectively said lower, sub-hous- 
ing and said upper, respectively said lower, magnet- 
ized plate inside which a liquid (W) can circulate. 


The propelling device (10) according to claim 9, 
wherein the upper sub-housing (25a), respectively 
the lower sub-housing (25b), is defined by a bottom 
face (25a,) and a lateral face (25a。), respectively by 
a top face and a lateral face, said bottom and lateral 
faces, respectively said top and lateral faces, being 
provided with a series of circumferentially spaced- 
apart grooves (27, 28) adapted to improve the for- 
mation of a hydraulic film between the stator (20) 
and the rotor (30). 


The propelling device (10) according to claim 9, 
wherein the upper sub-housing (25a), respectively 
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the lower sub-housing (25b), is defined by a bottom 
face (25a,), respectively by a top face (25b,), which 
is angled relative to a median plane (P) defined by 
the central disk-shaped sub-housing (25c) of the 
casing (21), and wherein a bottom face (311) of the 
upper magnetized plate (31), respectively of a top 
face (321) of the lower magnetized plate (32), is par- 
allel to said bottom face (25a,), respectively said top 
face (25b,). 


The propelling device (10) according to any one of 
the preceding claims, wherein the propeller blades 
(35) are configured so as to define a cylindrical free 
area (36) forming a crossing path to debris, such as 
but nat limited to a fishing line or water plants. 


An underwater vehicle (100) comprising at least one 
propeller device (10) according to any one of claims 
1 to 12. 


The underwater vehicle (100) according to claim 13, 
comprising a body (110) having a length less than 
1.5 meter. 


The underwater vehicle (100) according to claim 14, 
wherein the length of the body (110) is less than 80 
cm. 


The underwater vehicle (100) according to any one 
of claims 13 to 15, comprising sets of two or more 
propelling devices (10a, 10b) adapted to control their 
rotation speeds independently such as to provide a 
directional thrust parallel to an axis of said vehicle, 
as well as a rotational torque around another axis of 
said underwater vehicle. 


The underwater vehicle (100) according to any one 
of claims 13 to 16, wherein the outer hull or parts of 
the hull of said vehicle is shaped around said pro- 
pelling device (10) such that hydrodynamic drag is 
reduced when the underwater vehicle is moving. 


The underwater vehicle (100) according to any one 
of claims 13 to 17, comprising three propelling de- 
vices (10a) adapted to provide a thrust along a di- 
rection perpendicular to a longitudinal axis (XX) of 
the body (110) as well as a torque around said lon- 
gitudinal axis (XX') and a torque around a lateral axis 
(YY’) perpendicular to said longitudinal axis (XX), 
and two propelling devices (10b) adapted to provide 
a thrust along a direction parallel to said longitudinal 
axis (XX’) as well as a torque around an axis per- 
pendicular to said longitudinal axis (XX’) and said 
lateral axis (Y Y”). 


A submarine vessel (100) according to any one of 
claims 13 to 18. 
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Patentanspriiche 


Eine Unterwasserantriebsvorrichtung (10), die aus- 
gelegt ist, in einer Flússigkeit (W) betrieben zu wer- 
den, umfassend: 


- einen Stator (20), der umlaufend angeordnete 
Spulen (35) umfasst und ausgelegt ist, ein kon- 
trolliertes elektromagnetisches Feld entlang ei- 
ner axialen Richtung zu erzeugen, 

- einen wellenlosen Antriebsrotor (30), umfas- 
Send: 


- mindestens zwei ringfórmige Magnetplat- 
ten, jeweils eine obere Magnetplatten (31) 
und eine untere Magnetplatte (32), die ko- 
axial entlang der axialen Richtung und im 
rechten Winkel dazu derart beabstandet 
sind, dass die umlaufend angeordneten 
Spulen (35) dazwischen positioniert sind, 
wobei jede Platte (31, 32) eine mittlere Off- 
nung (31a, 32a) definiert und eine umlau- 
fende Anordnung von darin eingebetteten, 
sich radial erstreckenden Magnetpolen (34) 
aufweist, wobei die Magnetpole (34) ein 
Magnetfeld erzeugen, das mit dem elektro- 
magnetischen Feld des Stators (20) derart 
in Wechselwirkung steht, dass die Rotation 
der Platten (31, 32) um eine Mittelachse 
(Z グ ) parallel zu der axialen Richtung be- 
wirkt wird, 

- mindestens einen ringförmigen Propeller 
(33), der durch seinen äußeren Umfang und 
seinen inneren Umfang definiert ist, wobei 
der Propeller in den mittleren Öffnungen 
(31a, 32a) der Platten (31, 32) aufgenom- 
men und daran sicher befestigt ist, 

- mehrere Propellerblätter (35), die von dem 
inneren Umfang des Propellers (33) ein- 
warts ragen, wobei die Blatter (35) einen 
Schub entlang der Mittelachse (ZZ” erzeu- 
gen, wenn die Platten (31, 32) rotieren, 


wobei der Rotor (30) von dem Stator (20) axial durch 
einen Spalt, vorzugsweise kleiner als 3 mm, getrennt 
ist, in dem die Flússigkeit (W) zirkulieren kann, wo- 
durch die Bildung eines Hydraulikfilms in dem Spalt 
ermöglicht wird, wobei der Hydraulikfilm ausgelegt 
ist, eine Schmierung des Rotors bereitzustellen, wo- 
durch eine Reibung zwischen dem Rotor und dem 
Stator reduziert wird, und die axiale Schubkraft des 
Rotors auf den Stator zu übertragen. 


Die Antriebsvorrichtung (10) nach Anspruch 1, wo- 
bei der äußere Umfang des ringförmigen Propellers 
(33) einen Durchmesser (D4) aufweist, der im We- 
sentlichen gleich oder etwas größer als der Durch- 
messer (D5) der mittleren Öffnung (31a, 32a) jeder 
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Platte (31, 32) ist, um das Positionieren des Propel- 
lers (33) innerhalb der mittleren Offnung (31a, 32a) 
und die feste Verbindung des Propellers (33) mit den 
mindestens zwei scheibenfórmigen Magnetplatten 
(31, 32) durch Klemmen zu ermóglichen. 


Die Antriebsvorrichtung (10) nach einem der vorher- 
gehenden Ansprúche, wobei der Stator (30) eine 
Statorplatte (22) umfasst, die mindestens eine Lei- 
terplatte umfasst, die mit einer oder mehreren 
Schichten versehen ist, in denen die Spulen (23) als 
Leiterbild ausgebildet sind. 


Die Antriebsvorrichtung (10) nach Anspruch 3, wo- 
bei die Statorplatte (22) einen Steuerabschnitt (24) 
umfasst, der ausgelegtist, den durch die Spulen (23) 
empfangenen Strom zu steuern. 


Die Antriebsvorrichtung (10) nach Anspruch 4, wo- 
bei der Steuerabschnitt (24) durch integrierte Schal- 
tungschips gebildet ist, die mit Leiterbildern (26) der 
Statorplatte (22) verbunden sind. 


Die Antriebsvorrichtung (10) nach einem der An- 
sprúche 3 bis 5, wobei die Statorplatte (22) in einem 
wasserfesten Geháuse (21) verkapselt ist. 


Die Antriebsvorrichtung (10) nach Anspruch 6, wo- 
bei das Gehäuse (21) eine Einhausung (25) für den 
Rotor (30) definiert. 


Die Antriebsvorrichtung (10) nach Anspruch 7, wo- 
bei die Einhausung (25) eine obere scheibenförmige 
Teil-Einhausung (25a), die ausgelegt ist, die obere 
Magnetplatte (31) aufzunehmen, und eine untere 
scheibenfórmige Teil-Einhausung (25b), die ausge- 
legt ist, die untere Magnetplatte (32) aufzunehmen, 
umfasst, wobei die Teil-Einhausungen (25a, 25b) 
axial durch eine mittlere scheibenfórmige Teil-Ein- 
hausung (25c) getrennt sind, die ausgelegt ist, den 
Propeller (33) zumindest teilweise aufzunehmen. 


Die Antriebsvorrichtung (10) nach Anspruch 8, wo- 
bei die obere Teil-Einhausung (25a), bzw. die untere 
Teil-Einhausung (25b), einen Durchmesser (D1) 
aufweist, der etwas größer als der Durchmesser (D2) 
der oberen Magnetplatte (31), bzw. der unteren Ma- 
gnetplatte (32), ist, wodurch ein ringfórmiger Spalt 
zwischen der oberen, bzw. der unteren, Teil-Einhau- 
sung und der oberen, bzw. der unteren, Magnetplat- 
te definiert ist, in dem eine Flússigkeit (W) zirkulieren 
kann. 


Die Antriebsvorrichtung (10) nach Anspruch 9, wo- 
bei die obere Teil-Einhausung (25a), bzw. die untere 
Teil-Einhausung (25b), durch eine untere Flache 
(25a,) und eine seitliche Fläche (25a), bzw. durch 
eine obere Flache und eine seitliche Flache, definiert 
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12. 
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15. 


16. 


17. 


18. 


ist, wobei die unteren und seitlichen Flächen, bzw. 
die oberen und seitlichen Flächen, mit einer Reihe 
von umlaufend in einem Abstand angeordneten Nu- 
ten (27, 28) versehen sind, die ausgelegt sind, die 
Bildung eines Hydraulikfilms zwischen dem Stator 
(20) und dem Rotor (30) zu verbessern. 


Die Antriebsvorrichtung (10) nach Anspruch 9, wo- 
bei die obere Teil-Einhausung (25a), bzw. die untere 
Teil-Einhausung (25b), durch eine untere Fläche 
(25a,), bzw. durch eine obere Fläche (25b,), defi- 
niert ist, die in Relation zu einer durch die mittlere 
scheibenförmige Teil-Einhausung (25c) des Gehäu- 
ses (21) definierte Medianebene (P) abgewinkelt ist, 
und wobei eine untere Fläche (311) der oberen Ma- 
gnetplatte (31), bzw. eine obere Fläche (321) der 
unteren Magnetplatte (32), parallel zu der unteren 
Fläche (25a,), bzw. der oberen Fläche (25b,), ist. 


Die Antriebsvorrichtung (10) nach einem der vorher- 
gehenden Ansprüche, wobei die Propellerblätter 
(35) ausgestaltet sind, einen zylindrischen freien Be- 
reich (36) zu definieren, der einen Durchgangsweg 
für Verschmutzungen, wie beispielsweise unter an- 
derem eine Angelschnur oder Wasserpflanzen, bil- 
det. 


Ein Unterwasserfahrzeug (100) umfassend mindes- 
tens eine Antriebsvorrichtung (10) nach einem der 
Ansprüche 1 bis 12. 


Das Unterwasserfahrzeug (100) nach Anspruch 13, 
umfassend einen Körper (110) mit einer Länge klei- 
ner als 1,5 Meter. 


Das Unterwasserfahrzeug (100) nach Anspruch 14, 
wobei die Länge des Körpers (110) kleiner als 80 cm 
ist. 


Das Unterwasserfahrzeug (100) nach einem der An- 
sprüche 13 bis 15, umfassend Sätze von zwei oder 
mehr Antriebsvorrichtungen (10a, 10b), die ausge- 
legt sind, ihre Drehzahlen unabhängig derart zu 
steuern, dass ein gerichteter Schub parallel zu einer 
Achse des Fahrzeugs sowie ein Rotationsdrehmo- 
ment um eine weitere Achse des Unterwasserfahr- 
zeugs bereitgestellt ist. 


Das Unterwasserfahrzeug (100) nach einem der An- 
sprüche 13 bis 16, wobei der äußere Rumpf oder 
Teile des Rumpfs des Fahrzeugs um die Antriebs- 
vorrichtung (10) derart geformt ist bzw. sind, dass 
ein hydrodynamischer Strömungswiderstand redu- 
ziert ist, wenn sich das Unterwasserfahrzeug be- 
wegt. 


Das Unterwasserfahrzeug (100) nach einem der An- 
sprüche 13 bis 17, umfassend drei Antriebsvorrich- 
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tungen (10a), die ausgelegt sind, einen Schub ent- 
lang einer Richtung im rechten Winkel zu einer 
Längsachse (XX') des Körpers (110) sowie ein Dreh- 
moment um die Lángsachse (XX’) und ein Drehmo- 
ment um eine Querachse (YY') im rechten Winkel 
zu der Lángsachse (XX’) bereitzustellen, und zwei 
Antriebsvorrichtungen (10b), die ausgelegt sind, ei- 
nen Schub in einer Richtung parallel zu der Lángs- 
achse (XX”) sowie ein Drehmoment um eine Achse 
im rechten Winkel zu der Langsachse (XX’) und der 
Querachse (YY’) bereitzustellen. 


Ein Unterseeboot (100) nach einem der Anspruche 
13 bis 18. 


Revendications 


1. 


Un dispositif de propulsion submersible (10) concu 
pour fonctionner dans un liquide (W) comprenant : 


- un stator (20) comprenant des bobines (35) 
disposées en réseau circonférentiel et concu 
pour générer un champ électromagnétique con- 
trólé dans une direction axiale, 

- un rotor propulseur sans arbre 
comprenant : 


(30) 


- au moins deux plaques magnetisees en 
forme d’anneau, respectivement une pla- 
que magnétisée supérieure (31) et une pla- 
que magnétisée inférieure (32), espacées 
coaxialement le long de ladite direction 
axiale et perpendiculairement a celle-ci de 
sorte que lesdites bobines (35) disposées 
en réseau circonférentiel soient placées en- 
tre elles, chaque plaque (31, 32) définissant 
une ouverture centrale (31a, 32a) et ayant 
un réseau circonférentiel de póles magné- 
tisés (34) s'étendant radialement intégrés 
en son sein, lesdits póles magnétisés (34) 
générant un champ magnétique qui intera- 
git avec le champ électromagnétique du 
stator (20) de sorte a provoquer la rotation 
desdites plaques (31, 32) autour d’un axe 
central (ZZ’) parallele à ladite direction axia- 
le, 

- au moins une hélice en forme d’anneau 
(33) définie par sa périphérie externe et sa 
périphérie interne, ladite hélice étant recue 
à l’intérieur des ouvertures centrales (31a, 
32a) desdites plaques (31, 32) et fixement 
solidaire de celles-ci, 

- une pluralité de pales d’hélice (35) faisant 
saillie vers l’intérieur depuis la périphérie in- 
terne de ladite hélice (33), lesdites pales 
(35) produisant une poussée le long del’axe 
central (ZZ’) lorsque les plaques (31, 32) 
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tournent, 


dans lequel le rotor (30) est séparé axialement du 
stator (20) par un espace, de préférence inférieur a 
3 mm, à l’intérieur duquel le liquide (W) peut circuler, 
permettant ainsi la formation d’un film hydraulique a 
l’intérieur dudit espace, ledit film hydraulique étant 
conçu pour assurer une lubrification du rotor, rédui- 
sant ainsi la friction entre le rotor et le stator, et pour 
transmettre la force de poussée axiale du rotor au 
stator. 


Le dispositif de propulsion (10) selon la revendica- 
tion 1, dans lequel la périphérie externe de l’hélice 
en forme d'anneau (33) a un diamètre (D4) sensi- 
blement égal ou légèrement supérieur au diamètre 
(D5) de louverture centrale (31a, 32a) de chaque 
plaque (31, 32) de sorte a permettre le positionne- 
ment de ladite hélice (33) à l’intérieur de ladite ouver- 
ture centrale (31a, 32a) et la liaison fixe de ladite 
hélice (33) aux au moins deux plaques magnétisées 
(31, 32) en forme de disque par serrage. 


Le dispositif de propulsion (10) selon l’une quelcon- 
que des revendications précédentes, dans lequel le 
stator (30) comprend une plaque de stator (22) com- 
prenant au moins une carte de circuit imprimé munie 
d’une ou de plusieurs couches, à l’intérieur desquel- 
les les bobines (23) sont réalisées sous la forme de 
motifs conducteurs. 


Le dispositif de propulsion (10) selon la revendica- 
tion 3, dans lequel la plaque de stator (22) comprend 
une section de contrôle (24) conçue pour contrôler 
le courant reçu par les bobines (23). 


Le dispositif de propulsion (10) selon la revendica- 
tion 4, dans lequel la section de commande (24) est 
formée de puces de circuit intégré connectées à des 
motifs conducteurs (26) de la plaque de stator (22). 


Le dispositif de propulsion (10) selon l’une quelcon- 
que des revendications 3 à 5, dans lequel la plaque 
de stator (22) est encapsulée dans un boîtier étan- 
che (21). 


Le dispositif de propulsion (10) selon la revendica- 
tion 6, dans lequel le boîtier (21) définit un logement 
(25) pour le rotor (30). 


Le dispositif de propulsion (10) selon la revendica- 
tion 7, dans lequel le logement (25) comprend un 
sous-logement supérieur en forme de disque (25a) 
conçu pour recevoir la plaque magnétisée supérieu- 
re (31) et un sous-logement inférieur en forme de 
disque (25b) conçu pour recevoir la plaque magné- 
tisée inférieure (32), lesdits sous-logements (25a, 
25b) étant séparés axialement par un sous-loge- 


10. 


11. 


12. 


13. 


14. 


15 EP 3 218 259 B1 16 


ment central en forme de disque (25c) concu pour 
recevoir au moins partiellement l’hélice (33). 


Le dispositif de propulsion (10) selon la revendica- 
tion 8, dans lequel le sous-logement supérieur (25a), 
respectivement le sous-logement inférieur (25b), a 
un diamétre (D1) légèrement supérieur au diametre 
(D2) de la plaque magnétisée supérieure (31), res- 
pectivement de la plaque magnétisée inférieure (32), 
définissant ainsi un espace annulaire entre ledit 
sous-logement supérieur, respectivement ledit 
sous-logementinférieur, etladite plaque magnétisée 
supérieure, respectivement ladite plaque magnéti- 
sée inférieure, dans lequel un liquide (W) peut cir- 
culer. 


Le dispositif de propulsion (10) selon la revendica- 
tion 9, dans lequel le sous-logement supérieur (25a), 
respectivement le sous-logement inférieur (25b), est 
défini par une face inférieure (25a。) et une face la- 
térale (25a。), respectivement par une face supérieu- 
re et une face latérale, lesdites faces inférieure et 
latérale, respectivement lesdites faces supérieure et 
latérale, étant pourvues d’une série de rainures (27, 
28) espacées circonférenciellement conçue pour 
améliorer la formation d’un film hydraulique entre le 
stator (20) et le rotor (30). 


Le dispositif de propulsion (10) selon la revendica- 
tion 9, dans lequel le sous-logement supérieur (25a), 
respectivement le sous-logement inférieur (25b), est 
défini par une face inférieure (25a,), respectivement 
par une face supérieure (25b,), qui est inclinée par 
rapport à un plan médian (P) défini par le sous-lo- 
gement central en forme de disque (25c) du boîter 
(21), et dans lequel une face inférieure (311) de la 
plaque magnétisée supérieure (31), respectivement 
une face supérieure (321) de la plaque magnétisée 
inférieure (32), est parallèle à ladite face inférieure 
(25a,), respectivement ladite face supérieure 
(25b,). 


Le dispositif de propulsion (10) selon l’une quelcon- 
que des revendications précédentes, dans lequel les 
pales d’hélice (35) sont concues de sorte a definir 
une zone cylindrique libre (36) formant un chemin 
de passage pour débris, par exemple mais non ex- 
clusivement une ligne de péche ou des plantes aqua- 
tiques. 


Un véhicule submersible (100) comprenant au 
moins un dispositif de propulsion (10) selon l’une 
quelconque des revendications 1 a 12. 


Le véhicule submersible (100) selon la revendication 
13, comprenant un corps (110) ayant une longueur 
inférieure à 1,5 mètre. 
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Le véhicule submersible (100) selon la revendication 
14, dans lequel la longueur du corps (110) est infé- 
rieure à 80 cm. 


Le véhicule submersible (100) selon Tune quelcon- 
que des revendications 13 a 15, comprenant des 
ensembles de deux dispositifs de propulsion (10a, 
10b) ou plus concus pour contróler leurs vitesses de 
rotation de maniére indépendante de sorte a fournir 
une poussée directionnelle paralléle a un axe dudit 
véhicule, ainsi qu'un couple rotatif autour d'un autre 
axe dudit véhicule submersible. 


Le véhicule submersible (100) selon l’une quelcon- 
que des revendications 13 a 16, dans lequel la coque 
extérieure ou des parties de la coque dudit véhicule 
sont formées autour dudit dispositif de propulsion 
(10) de sorte que la trainée hydrodynamique soit ré- 
duite lorsque le véhicule submersible est en mouve- 
ment. 


Le véhicule submersible (100) selon l’une quelcon- 
que des revendications 13 a 17, comprenant trois 
dispositifs de propulsion (10a) concus pour fournir 
une poussée dans une direction perpendiculaire a 
un axe longitudinal (XX’) du corps (110) ainsi qu’un 
couple autour dudit axe longitudinal (XX”) et un cou- 
ple autour d’un axe latéral (YY’) perpendiculaire 
audit axe longitudinal (XX”), et deux dispositifs de 
propulsion (10b) concus pour fournir une poussée 
le long d'une direction parallele audit axe longitudinal 
(XX’) ainsi qu’un couple autour d’un axe perpendi- 
culaire audit axe longitudinal (XX”) et audit axe latéral 
(YY). 


Un navire submersible (100) selon l’une quelconque 
des revendications 13 à 18. 
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